One hundred patients with angina and 100 normal subjects, mean age 51 years, had simultaneous phonocardiograms and electrocardiograms at rest and after a double Mas-ter's test. A fourth heart sound was present at rest in 43% of the patients and 14% of the normal subjects, and after exercise in 94% of the patients and 29% of the normal subjects. All patients and the normal subject who had a third heart sound at rest had a fourth heart sound at rest, and all who had a third heart sound after exercise had a fourth heart sound after exercise. Fifty-nine per cent of the patients and 4% of the normal subjects had an ST-segment shift .1.0 mm, and 67% of the patients and 6% of the normal subjects had an ST-segment shift .0.5 mm. After exercise, 97% of the patients and 30% of the normal subjects had a fourth heart sound or an ST-segment shift .0.5 mm.
98 men and two women, between the ages of 37 and 64 years, with a mean age of 51 ± 6. The normal subjects included 98 men and two women, between the ages of 38 and 64 years, with a mean age of 51 ± 6. The normal subjects were hospital personnel or their friends. All of the normal subjects had blood pressures below 140/90 mm Hg, and none of them were on any medication. Twenty-seven of the patients with angina pectoris had coronary artery disease documented by previous coronary angiography, with 50% or greater narrowing of the lumen of at least one major vessel. The other 73 patients with angina pectoris had a documented transmural myocardial infarction at least 6 months old, with evolution of abnormal Q waves on serial electrocardiograms.
None of the patients with angina had A-V block, bundle branch block, valvular heart disease, a myocardiopathy, a high cardiac output state, or a blood pressure above 150/98 mm Hg. None of these patients were on diuretics or digitalis within 3 weeks of this study; none were on quinidine or procainamide within 3 days of this study; none were on antianginal drugs except for nitroglycerin within 3 days of this study; and none were on nitroglycerin on the day of this study. Figure 1 Simultaneous recording of the heart sounds at the apex and the electrocardiogram in a patient (paper speed, 75 mm/sec; time markers, 0.04 sec). 1 = first heart sound; SM = systolic murmur; 2 = second heart sound; 3 = third heart sound; 4 = fourth heart sound. with angina and in the normal subjects. Fiftynine of the 100 patients (59%) and four of the 100 normal subjects (4%) had an ischemic STsegment shift > 1.0 mm. Sixty-seven of the 100 patients (67%) and six of the 100 normal subjects (6%) had an ischemic ST-segment shift >0.5 mm. Table 2 indicates the incidence of fourth and third heart sounds at rest and after exercise in the patients with angina and in the normal subjects. Forty-three of the 100 patients (43%) and 14 of the 100 normal subjects (14%) had a fourth heart sound at rest, and 94 of the 100 patients (94%) and 29 of the 100 normal subjects (29%) had a fourth heart sound after exercise. Fifteen of the 100 patients (15%) and one of the normal subjects (1%) had a third heart sound at rest, and 60 of the 100 patients (60%) and 11 of the 100 normal subjects (11%) had a third heart sound after exercise.
Five of six normal subjects (83%), who had an abnormal exercise electrocardiogram with ischemic ST-segment depression >0.5 mm had a fourth heart sound after exercise. Three of 100 patients (3%) and one of 100 normal subjects (1%) had an abnormal exercise electrocardiogram of >0.5 mm, but no fourth heart sound after exercise. Table 3 indicates the incidence of either an electrocardiographic response of ischemic ST-segment shift >0.5 mm or a fourth heart sound after a double Master's two-step test in the patients with angina and in the normal subjects. Ninetyseven of the 100 patients (97%) and 30 of the 100 normal subjects (30%) had either an ischemic electrocardiographic response of >0.5 mm or a fourth heart sound after exercise.
Eighteen of 100 patients (18%) and three of 100 normal subjects (3%) had an abnormal exercise electrocardiogram of >0.5 mm, but no third heart sound after exercise. Table 4 indicates the incidence of either an electrocardiographic response of ischemic ST-segment shift >0.5 mm or a third heart sound after a double Master's two-step test in the patients with angina and in the normal subjects. Seventy-eight of the 100 patients (78%) and 14 of the 100 normal subjects (14%) had either an ischemic electrocardiographic response of >0.5 mm or a third heart sound after exercise.
All of the patients and normal subjects who had a fourth heart sound at rest also had a fourth heart sound after exercise. All of the patients and the normal subject who had a third heart sound at rest also had a fourth heart sound at rest. All of the patients and normal subjects who had a third heart sound after exercise also had a fourth heart sound after exercise.
All of our normal subjects completed the double Master's two-step test without any chest pain developing. Forty-nine of our 100 patients (49%) developed angina pectoris after performing the Master's two-step test. Thirtythree of these patients were unable to complete the test because of angina; five of these patients developed angina at the completion of the test; and 11 of these patients developed angina immediately after lying down. Thirty-nine of the 49 patients (80%;) who developed angina after exercise had an ischemic ST-segment shift .0.5 mm. Thirty-six of the 49 patients (73%) who developed angina after exercise had an ischemic STsegment shift >1.0 mm. Forty-nine of the 49 patients (100%) who developed angina after exercise had a fourth heart sound after exercise. Thirty-eight of 49 patients (78% ) who developed angina after exercise had a third heart sound after exercise.
Discussion Fifty-nine of our 100 patients (59%) with angina pectoris due to documented coronary artery disease and four of our 100 normaJ subjects (4%) had an ischemic ST-segment shift > 1.0 mm, and 67 of our 100 patients (67%) and six of our 100 normal subjects (6%) had an ischemic ST-segment shift .0.5 mm after a double Master's two-step test. Friedberg and his associates3 reported that 16 of 33 patients (499% ) with clinical evidence of angina pectoris had an ischemic ST-segment depression >1.0 mm, and that 19 of these 33 patients (55%) had an ischemic ST-segment depression >0.5 mm following a double Master's two-step test. Most and his associates4 demonstrated that 39 of 65 patients (58%) with angina pectoris due to arteriographically documented coronary artery disease had an ischemic ST-segment depression McGinn and his associates6 recorded phonocardiograms in 30 patients with old myocardial infarctions, no active angina pectoris, and no fluoroscopic evidence of a ventricular aneurysm, and they demonstrated a fourth heart sound in seven patients (23%) and a third heart sound in four patients (13%). Zoneraich and Zoneraich7 recorded phonocardiograms in 200 hospitalized patients with coronary artery disease. They reported that 87% of these 200 patients had a fourth heart sound, and 33% of these 200 patients had a third heart sound. Forty-three of our 100 patients (43%) with angina pectoris had a fourth heart sound at rest, and 94% of our patients had a fourth heart sound after exercise.
All of our patients who had a third heart sound after exercise also had a fourth heart sound after exercise. Ninety-seven of our 100 patients (97%) with angina had either an abnormal exercise electrocardiogram with an ischemic ST-segment shift >0.5 mm or a fourth heart sound after exercise. Thus, only 3% of our patients with angina pectoris due to documented coronary artery disease did not develop either an ischemic ST-segment shift >0.5 mm or a fourth heart sound following a double Master's two-step test. Barlow8 states that the fourth heart sound is associated with ventricular filling resulting from atrial systole, with increased resistance to ventricular filling. Benchimol and Dimond9 postulate that an ischemic left ventricle has an increased resistance to distensibility, causing the left ventricular end-diastolic pressure to rise, and the left atrium to contract more vigorously. This increased force of atrial contraction suddenly distending the left ventricle probably produces the vibrations recognized as the fourth heart sound.
However, 14% of our normal subjects, between the ages of 38 and 64 years, had a fourth heart sound at rest, and 29% of our normal subjects had a fourth heart sound after exercise. None of these normal people had systemic hypertension, any valvular disease, a myocardiopathy, or a high cardiac output state, conditions associated with a fourth heart sound. Twenty-four of the 29 normal subjects who had a fourth heart sound after exercise had a normal electrocardiographic response to exercise.
These 29 normal subjects also had a simultaneous phonocardiogram and apexcardiogram at rest and after a double Master's two-step test in a follow-up study. All 14 normal subjects who had had a fourth heart sound at rest again had a fourth heart sound at rest. All 29 normal subjects who had had a fourth heart sound after exercise again had a fourth heart sound after exercise. All fourth heart sounds recorded in this study also coincided with the A wave of the apexcardiogram. 10 We are following our normal subjects to determine whether the normal subjects who had a fourth heart sound at rest or after exercise will develop an increased incidence of clinical heart disease.
